The purpose of this work is to analyze preoperative serum aspartate aminotransferase (AST) levels and their effect on the prognosis of patients with non-small cell lung cancer (NSCLC) after surgical operation. These analyses were performed retrospectively in patients with NSCLC followed by surgery; participants were recruited between January 2004 and January 2008. All clinical information and laboratory results were collected from medical records. We explored the association between preoperative serum AST and recurrence-free survival (RFS), and the overall survival (OS) of NSCLC patients. Kaplan-Meier analysis and Cox multivariate analysis, stratified by the AST median value, were used to evaluate the prognostic effect. A chi-squared test was performed to compare clinical characteristics in different subgroups. A p-value of ≤0.05 was considered to be statistically significant. A total of 231 patients were enrolled. The median RFS and OS were 22 and 59 months, respectively. The AST levels were divided into two groups, using a cut-off value of 19 U/L: High AST (>19 U/L), n = 113 vs. low AST (≤19 U/L), n = 118. Multivariate analysis indicated that preoperative serum AST > 19 U/L (hazard ratio (HR) = 0.685, 95% confidence interval (CI): 0.493-0.994, p = 0.046 for RFS, HR = 0.646, 95% CI: 0.438-0.954, p = 0.028 for OS) was an independent prognostic factor for both RFS and OS. High preoperative serum AST levels may serve as a valuable marker to predict the prognosis of NSCLC after operation.
Introduction
Lung cancer is one of the most malignant tumors and has the highest morbidity and mortality rates of any cancer worldwide. According to statistics, the United States in 2013 alone had 228,190 new cases of lung cancer, and the number of related deaths was 159,480, thus ranking first in terms of death [1] . The occurrence of lung cancer in China is more prevalent. According to recent data from the National Cancer Prevention and Control Research Office, the incidence of lung cancer in China over the past 18 years has increased year-on-year, with an average annual growth rate of 1.63% [2] .
According to pathological type, lung cancer can be divided into non-small cell lung cancers (NSCLC) and small cell lung cancers (SCLC), of which NSCLC accounts for 80%-85% of the cases [3] . 2 of 12 With the development of surgical techniques and molecularly-targeted drugs, the overall efficacy of treatment of NSCLC has greatly improved; however, there are large differences in the prognoses of patients with different genetic variations and physiological conditions. Finding a method to evaluate the prognosis of NSCLC patients is important for clinical treatment. The serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are distributed in the liver [4] . After trauma, ischemia, hypoxia, cell membrane integrity, and function damage can be seen an increase in cell permeability, mitochondrial swelling, and rupture of the cells (causing ALT and AST release into the blood stream). In the case of hemodynamic instability, the aforementioned manifestations will become more serious. There is a correlation between an increase in liver serum aminotransferase and liver damage in patients with closed abdominal injury, and there is also a close relationship between the level of serum aminotransferase and the severity of liver injury. ALT and AST are produced by both malignant and non-malignant cells. Compared to normal cells, most cancer cells produce ATP by glycolysis under aerobic conditions rather than via the tricarboxylic acid cycle. Glycolysis is necessary in cancer cells to produce the ATP and anabolic precursors required for survival, growth, and invasion. AST functions in tandem with malate dehydrogenase to transfer electrons from nicotinamide adenine dinucleotide (NADH) across the inner mitochondrial membrane, which is closely related to glycolysis. So, AST may be associated with cancer prognosis. Additionally, some studies have confirmed that ALT and AST are significantly associated with the prognoses of several cancers, such as hepatocellular carcinoma, renal cell carcinoma, colonic, pancreatic, and breast cancer [5] [6] [7] [8] [9] . However, the prognostic value of the preoperative serum AST in patients with NSCLC is not clear. In this study, our aim is to evaluate if the level of serum AST at the preoperative phase in patients with NSCLC can serve as a prognostic marker for outcome.
Results

Patient Characteristics
The pretreatment characteristics of 231 NSCLC patients are listed in Table 1 . There were 160 men (69.26%) and 71 women (30.74%), with a median age of 55 years (range, 30-80 years). The most common histology was adenocarcinoma (118, 51.08%), followed by squamous cell carcinoma (SCC) (88, 38.10%), and other histologies (25, 10.82%). Of all patients, 99 (42.86%) were stage I, 47 (20.35%) were stage II, 77 (33.33%) were stage III, and 8 (3.46%) were stage IV. At the time of the last follow-up, 119 patients (51.5%) had developed recurrences after treatment. Figure 1 . The results show that patients with elevated AST levels were significantly associated with longer RFS and OS (log-rank test: p = 0.010 and p = 0.006, respectively), and patients with low AST levels had a significantly poorer prognosis. 
Univariate and Multivariate Analyses of Prognostic Factors
Univariate and multivariate analyses of RFS (Table 3) and OS (Table 4) , using 19 U/L as a cut-off value, hazard ratios (HRs), and 95% CI estimated from Cox regression models indicated that the AST (HR 0.646; 95% CI 0.438-0.954; p = 0.028) was strongly associated with OS and RFS (HR 0.685; 95% CI 0.473-0.994; p = 0.046). In addition to elevated AST levels, platelet-to-lymphocyte ratio (PLR) was significantly associated with RFS (HR 1.714; 95% CI 1.187-2.476; p = 0.004). Multivariate analyses indicated that elevated AST levels were a highly significant predictor for RFS and OS. It thus serves as an independent prognostic factor in NSCLC patients. 
The Distribution of Clinical Characteristics in the AST Subgroup
Further analyses were conducted by comparing the distribution of clinical characteristics in the AST subgroup, shown in Table 5 . We found that tumor size (p = 0.032), ALT (p = 0.000), and PLR (p = 0.018) were significantly different between the two groups. However, the level of AST was not significantly correlated with other clinical characteristics.
Subgroup Analysis According to Tumor Size, ALT, and PLR
In order to investigate the subgroups of patients that were positively influenced by preoperative AST, we divided patients according to tumor size, ALT, and PLR. In patients with AST > 19 U/L: Both RFS and OS after operation were significantly better when tumor size was ≤4 cm (p = 0.044 and 0.016), but not for patients with a tumor size of >4 cm (p = 0.255 and p = 0.476; Figure 2 ). In addition, OS was only better when patients had ALT > 18 U/L (p = 0.043; Figure 3C ) and PLR ≤ 111.72 (p = 0.002; Figure 4D ). However, RFS was not significantly influenced by ALT levels (p = 0.489 vs. 0.081; Figure 3 
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In the present study, we performed a retrospective evaluation of the prognostic significance of AST in NSCLC patients. We found that elevated preoperative serum AST levels were associated with a good clinical outcome in NSCLC patients, and Cox regression analysis showed that AST was an independent prognostic factor of both poor RFS and overall survival OS. Blood-based measurement of AST and ALT was described as a useful tool to evaluate hepatocellular carcinoma prognosis [10] . Shen et al. also reported that preoperative AST-to-platelet ratio was an independent prognostic factor for hepatitis B-induced hepatocellular carcinoma, after hepatic resection [5] . Susan et al. analyzed 312 patients with liver metastases from breast cancer and found that AST was the single most important prognostic factor for survival after the diagnosis of liver metastases [11] . Additionally, a report modeling prognostic factors in advanced pancreatic cancer found that the AST level was associated with pancreatic cancer prognosis [8] . Recently, some researchers have applied AST/ALT as a significant prognostic factor in patients with non-metastatic renal cell carcinoma [6, 12] . Our previous studies have shown that ALT/AST ratio was associated with prognosis in patients undergoing curative treatment for gastric cancer [13] . In this study, we analyzed the correlation between clinical characteristics and AST subgroups. The results showed that tumor size, ALT, and PLR were significantly correlated with AST. Then, we investigated whether the subgroups of patients were positively influenced by preoperative AST. We found that for patients with AST > 19 U/L, both RFS and OS were significantly better when tumor sizes were ≤4 cm; there was no difference in patients with tumor sizes >4 cm. In addition, OS was better only when patients had ALT > 18 U/L and PLR ≤ 111.72. However, RFS was not significantly influenced by ALT and PLR. Previous studies have reported that PLR and NLR (neutrophil-to-lymphocyte ratio) serve as independent predictors of survival in patients with NSCLC [14, 15] . In contrast, we did not observe that PLR and NLR were predictors of OS, while PLR emerged as an independent predictor associated with RFS, and there was no significant trend for NLR to be a risk factor for tumor relapse. A possible explanation for this is as follows: first, we used median values of PLR and NLR as cut-off points to divide the high and low groups, which is different from other reports; second, only Chinese NSCLC patients were included in our study, whereas other reports were mostly focused on Caucasian populations. Whether there are differences between Asian and Caucasian populations-which are required for further validation in a larger population from different races-is unknown. Third, the values of platelets, neutrophils, and lymphocytes were tested using different detection systems, which could affect the results. Serum AST and ALT activities were used as markers of liver damage [16] . In human tissues, both cytoplasmic AST and mitochondrial AST proteins consist of a compartment-specific homodimer that is encoded by two separate genes, GOT1 and GOT2, respectively [17] . According to the current view, the impact of AST on cancer relapse and survival rate is unclear. Researcher insight into the potential role of AST in human carcinogenesis remains speculative. In contrast to normal cells, most cancer cells rely on aerobic glycolysis to generate the energy needed for cellular processes. Warburg assumed that there was mitochondrial dysfunction in cancer cells, as he observed that cancer cells could convert most glucose into lactate, regardless of the availability of oxygen [18] . Some studies showed that cancer cell proliferation could also obtain energy through glutamine metabolism, which is necessary for tumor cells to maintain nucleotide biosynthesis and non-essential amino acids, which are catalyzed by AST and ALT [19] [20] [21] [22] . Thornburg et al. reported that oxamate could inhibit the proliferation of transformed breast adenocarcinoma cells in vitro, and AST acts as an essential metabolic target of oxamate [9] . Although there were important discoveries revealed by this study, there were also some limitations. First, it should be noted that this study has only examined a small sample size and is a single-center study-research should be done on a large scale and using multicenter prospective validation of NSCLC groups; second, we only focused on the impact of preoperative serum albumin (ALB), ALT, AST, NLR, and PLR on the prognosis of patients with NSCLC, but other traditional prognostic factors, such as cytokeratin 19 fragment (CYFRA21-1) [23] , carcinoembryonic antigen (CEA) [24] , SCC antigen [24] , and cancer antigen 125 (CA 125) [25] , were not available in this study. Thus, we were unable to determine whether preoperative AST was a better predictor of RFS and OS compared with traditional tumor markers; third, we found that AST level was an independent prognostic factor in NSCLC, based on a retrospective review. The mechanism of how AST affects the survival time of patients should be further explored in depth. Despite these limitations, we report that the level of preoperative serum AST was correlated with RFS and OS in patients with NSCLC. In conclusion, this analysis was performed retrospectively in patients with NSCLC. The prognostic value of AST was evaluated in patients with NSCLC, and the relationships between serum AST and clinical pathological parameters were analyzed. The results showed that a high preoperative serum AST level is an independent risk factor affecting RFS time and OS of patients, and AST was associated with tumor sizes, ALT, and PLR. The results show that the pre-operative levels of serum AST in patients with NSCLC can be used to determine prognosis. Additional studies are required for further validation in a larger population from a multi-center study.
Materials and Methods
Patients
We performed a retrospective review of patients undergoing surgical treatment of NSCLC between January 2004 and January 2008. A total of 231 patients with NSCLC were enrolled in this study. Patient clinical data, including age, sex, smoking, family history, BMI, diagnosis, Pathological Tumor Node Metastasis stage according to the 6th Edition of the TNM Classification at the time of pre-operative phase, ALB, ALT, AST, NLR, PLR and follow-up results were collected and recorded. The last follow-up was on 30 June 2015. This study was approved by the Sun Yat-sen University Cancer Center research ethics committee (Identification code: GZR2014-106; Date 28 February 2014). All patients provided written informed consent for their medical information to be stored and used in the hospital database at their first visit to our center.
Inclusion Criteria
(1) Patients were diagnosed as having primary bronchial lung cancer by means of surgical biopsy. The pathological type was NSCLC (adenocarcinoma, SCC, other NSCLC); (2) Clinical data were completed; (3) Before the physical examination, routine blood treatment of patients after admission and a biochemical examination were performed. 
Exclusion Criteria
Clinical Outcomes Assessment and Patient Follow-up
The primary endpoint of our study was RFS. The secondary endpoint was OS. We calculated RFS from the date of surgery to the date of the first relapse at any site, death from any cause or the date of the last follow-up visit. OS was calculated from the date of the surgery to the date of death from any cause or patient censoring at the date of the last follow-up.
Statistical Analysis Method
All clinical and experimental data were entered into a computer by hand. Statistical analysis was done using SPSS 19 (IBM, Chicago, IL, USA) for Windows. The cutoff values of preoperative ALT, AST, PLR, and NLR were estimated by the median, and the cutoff value of ALB was 35 g/L. For group comparisons, chi-square and Fisher's exact tests were used for categorical variables. Survival curves were constructed according to the Kaplan-Meier method and compared using the log-rank test. Multivariate Cox regression was used to perform the survival analysis in order to estimate the HR for various factors. Results of the Cox regression analyses were reported with HR, together with the corresponding 95% CI. The difference was statistically significant when p < 0.05.
